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Following is a replacement claim set. 

1 - (original) A method, comprising: 

electrocodepositing particles of at least one quasicrystalline metal alloy and at least one 
e emental metal onto a working electrode disposed in an electroplating bath, wherein the 
electroplating bath comprises a solvent, ions of the at least one elemental metal dissolved in the 
solvent, and the particles of at least one quasicrystalline metal alloy suspended in the solvent. 

2. (original) The method of claim I, wherein the working electrode has an electronically 
conducting surface. 

3. (original) The mahod of cmim 2, wharcin the eloctionically conducting c^prisc a 
maena, Peered from mctaU, aUoys, graphite, carbon-ebon composite,, and combination, 
thereof. 

4. (original) The method of claim 1. wherein the at least one elemental metal is selected from 
manganese, iron, cobalt, chromium, nickel, copper, zinc, and combinations thereof. 

5. (original) The method of claim 1, wherein the electroplating bath is selected from an 
electrolytic deposition bath, an electrons deposition bath, and mixtures thereof. 

6- (original) The method of chum 1, wherein the electroplating bath is suitable for plating the 
at least one elemental metal, wherein the at least one elemental metal is selected from nickel, 
copper, and combinations thereof. 

7. (original) The method of claim 1, wherein the temperature of the electroplating bath during 
the electrocodeposition does not exceed the melting point of the particles of the at least one 
quasicrystalline metal alloy or the melting point of the working electrode. 
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8. (original) The method of Cain .. wherein 0,= teavamn of to electrocodeposjtjon balh 
during the electrocodeposition does not exceed 100 °C. 

9. (original) The method of claim 1 wherein th* ♦ 

. , . , . mm '* WIierem the at least one quasicrystaUine metal alloys 

include aluminum-transition metal alloys. 

10- (ori^na)) The mahod of clairo 9j wherei „ „„ ^^.^.^ ^ _ 

torn Al^u-M. Al-Pd-M and combination thereof, where M is a bansition motal Mlected ^ 

*e, Ru, Ni, Mn, Cr, Co and combinations thereof. 

.1. (original) me tn«hod of e,ahn 9, wherein Are ^ m ^ oua|onMIy „ d 
higher alloys. 7 

■2. (origins,) The method of claim 9, wherein the quasicrystala include up «o abon, 10 atomic 
percent of a transition metal selected from Ti. V, Cr. Mn, Co, Ni, Ta, W, Nb, Mo, Zr and 
combinations thereof. 

l^ongma!) The method of claim 9, whemin the qu^iery^a inCud. B, Si or combinauone 

K (origins,. The rnerhod of claim ,, whemin the e.ocuoplating bath comprises between 25 and 
1 50 grams of quaaicrystolline metal alloy particles per liter of the electroplating bath. 

15. (original) The method of claim 1, wherein the woridng Strode ia a aubstrato sCected (mm 
copper, aluminum, an alloy of aluminum, carton or paphite, caa, iron, wmught iron, carbon 

**• ""pper/nidcal agoya. doped or 
undoped semiconductora. polynrcr/carbon compoaitea. polymer/gmphite compoaitea 
polymer/meta) composites, and metal/metal composes. 
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i«. w> n. method of c to ,. whOTto to W0Itog elMtode „ scIected 

and polymer composites. ^ y 

n. (originate ^ of claim 16 _ wherein ae wo]Mng eiKtade . 

comprising carbon or metal, "vosue 

«. (M -ended) lie roemod of -^^^^^ 

comprising: cx 

applying an elertroteae ox stnk e on fte ^ 

e ecbocodepoaiting step , wherein fc sWke , ^ ^ 

planmtm. cobalt, gold and combinations thereof. ^ 

3oV°rT n0 rae ' h0<, " f Claim * ^ * h = WMkfa8 *"* * « *— *y 
3004 substrate, and the strike includes electro less zincate followed by electroless copper. 

20. (original) The method of claim J. wherein the electroplanng bath » 



aqueous. 

chrommn, manganese, ^ cobalt, nickel, cooper, zinc, end combinations thereof 

22. (origine.) The method of claim 2.. wherein the concentration of the metal ions in the 
electroplating bath is between 500 and 20,000 pom. 

ot, « . ^ *"* raeBI *"* * — or 

combinations thereof. ur 

ir M> ^ me,bod of ciaim wherdn ^ dectropia,i " g ^ «— — 
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25. (original) The method of claim 24, wherein the electroplating bath comprises between 2 and 
12 grams of nickel sulfate per Jiter of the electroplating bath. 

26. (original) The method of claim 1, wherein the electroplating bath further comprises a 
reducing agent, a buffering agent, or a combination thereof. 

27 (original) The method of claim 1, wherein the electroplating bath further comprises a 
buffenng agent selected from hypophosphite, formaldehyde, acetate, citrate, boric acid and 
combinations thereof. 

28. (original) The method of claim 1, further comprising: 

agitating the electroplating bath to suspend the quasicrystalline metal alloy particles. 

29. (original) The method of claim 1, wherein the quasicrystalline metal alloy particles have an 
average particle size less than 50 microns. 

30. (original) The method of claim 1, wherein the quasicrystalline metal alloy particles have an 
average particle size less than 20 microns. 

31. (origin*,) The n^rhod of daim 28. wherein ft. efccrropMng oaIh comprises ^ 2J 
and UOgran* of suspended qoasicrysuulfae mend alloy proles per literof electroplating bah. 

32 (origin, Toe mefcod of claim 1. wherein the a, tea* one quaaiorya.aUine meta! alloy is 
selected from AW*. Al^.^cCr. AtetWc.B,, AlrfurfW* and 
combinations thereof. 

33. (original) The method of claim 2 or any claim dependent thereon, further comprising: 

raamtaming the electroplating bath at a pH between 2 and 7. 

34. (original) The method of claim 33, further comprising: 
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adding aqueous K 2 CO, or H 2 S0 4 to the bath to maintain the P H. 

35. (original) The method of claim 2. further comprising: 

maintaining the temperature of the electroplating bath during electrocodeposition between 
10 and 70 °C. 

36. (original) The method of claim 1 1, further comprising: 

providing a counter electrode comprising iron, cobalt, nickel, copper, zinc, platinized 
titanium, or ruthenium/iridium oxide-coated titanium metal, or a combination thereof. 

37. (original) The method of claim 1, wherein the working electxode is electronically 
conductive. 



38. (original) The method of claim 1, further comprising: 

applying a direct current between the working electrode and the counter electrode at a 
potential of between 1.5 and 7 volts. 

39. (original) The method of claim 1, further comprising: 

applying a current density to the working electrode between 2 and 100 mA/cm 2 for a 
period of 5 to 90 minutes. 

40. (original) The method of claim 1, further comprising: 

applying a current density to the working electrode between 2 and 100 mA/cm 2 . 

41. (original) The method of claim 1, further comprising: 

moving at least one electrode during the electrocodeposition. 

42. (original) The method of claim 1 , further comprising: 

electroplating a metal seal layer over a layer comprising the electrocodeposited 
quasicrystalline metal alloy particles. 
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43. (original) The method of claim 42, wherein the metal seal layer is electroplated in a separate 
seal bath. 



44. (original) The method of claim 43, further comprising: 

alternating the use of the seal bath and the electroplating bath containing the suspended 
particles of a quasicrystalline metal alloy. 

45. (original) The method of claim 44, further comprising: 

repeating the alternating use of the baths until a desired coating thickness is obtained. 

46. (original) The method of claim 1, further comprising: 

short-^ycle ramping of a DC current used for the electrocodeposition. 

47. (original) The method of claim 46, further comprising: 

repeatedly ramping the DC current between essentially zero current and a target current 

density. 

48. (original) The method of claim 47, wherein me .age, curren. dercfty is about 40 mA/cm'. 

«* («W The method otMa 47, wherein the renting occma in c^les between W and 
10 Hertz. 



50, (original) The method of claim 1. wherein the elechocodeposmon occur, under constat, 
current conditions. 



51. (original) The method of claim 50, wherein the constant current is between 2 and 100 
mA/cnr. 



52. (original) The method of claim 2, further 



comprising: 
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agitating the electrolyte solution. 



53. (original) The method of claim 1 wherein th* 

** wnerein the at least one quasicrystalline metal alloy is 

Al 7 oCu,oFeioCr, 0 . J 

55. ( 0rigtaal ) tte mMhod of cWm where . n ^ jons rf ^ a ^ 
include nickel ions. 

5«. (Origin The „,e<hod of claim 55 . wherei „ ^ . on coMentra[im h ^ 
grams per liter of electroplating bath. 

57. (originai) lb method of ebb, 1. whe™ ft. a. lea., one elemental ^ Modes copper. 

58. (rtgtaaljTheraettiodofolaiml.fortheroomprisiog: 

.imotaeoualy perfo mi „ s ft. eleebocodepoating aep . muWpIe workine 
the same electroplating bath. 

59. (original) The method of claim 1, further comprising: 

annealing the particles of the at least one quasicrystalline metal alloy. 

60. (original) The method of claim 59 wherein th* »t 

olwm wnereiI » be at least one quasicrystalline metal alloy is 
converted from the beta-phase to the quasicrystalline phase. 

61. (original) The method of claim 50 w W*.n » 

OI ciaun whereu » annealing is performed prior to 
electrocodepositingthepartic.es. 
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62. (origin*) Tlx medtod of daim 59. wherein the sealing is perfotmed ^ 
electrocodepositing the particles. 

63. (original) The method ef claim 59, wherein the fflmea|ing „ ^ ^ 
electrocodepositing the particles. 

64. (original) The method of claim 59 whprpi* »h» *t ^ 

warn 3 y, wnerein the at least one quasicrystalline metal alloy is 

annealed at a temperature between 500 and 700°C. 

65. (original) The method of claim 59, chafed in tha, the dealing inches the ratio of 
quasicrystalline phase in the particles. 

66. (original) The method of claim 59. wherein the annealing ia performed under an inert gas 
atmosphere. 

67. (original) The method of claim 1, further comprising: 

masking a portion of the working electrode to prevent electrocodeposition. 

68. (<>^l)Themethodofc^ 

69 (original) The method of claim 68, wherein the copper sulfate has a concentration between 
0. 1 and 0.6 grams of copper per liter of the bath. 

70. (origins.) The method of Cairn 1 . further comprising a prelimu^ step sclKted ^ bead 
blaahng the autfcee „f „ e ^ elKtrooodeposi 
combmations thereof. 

71. (original) The coated working electmde prepared by the method of claim 1. 

72. (original) The coated working electrode prepared by the method of claim 4. 
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73. (original) The coated working electrode prepared by the method of claim 29. 

74. (original) The coated working electrode prepared by the method of claim 32. 

75. (original) The coated working electrode prepared by the method of claim 59. 

76. (original) A coating composition, comprising: 

between 25 and 90 percent by mass of particles of at least one quasicrystalline metal alloy 
within a metal matrix including at least one elemental metal. 

77. (original) The composition of Cairn 76, wherein the particles have an average size less than 
20 macrons. 

78. (original) The companion of data 76, wherein d. parSctea comprise beiween 40 «, 60 
percent by mass of the quasicrystals. 

79. (original) The composition of claim 76, wherein ,he « teas, one elemental menu fc s etee.ed 
Irom nickel copper, and combinations Ihereof. 

80. (origin*) The compost of claim 76> ^ ^ „ ^ ^ quaataystel]ijie ^ 

I c Tr ""I Al4iCU,SFe ' ! - Al^cCr, 
U7o^Uio*eioCr,o, and combinations thereof. 

81. (original) The composition of claim 76 whercmrtia 4 tiA,e*^ 

UI /0 « whemn the at least one quasicrystalline metal alloy 
includes an aluminum-transition metal alloy. 

82 (original) The composition of claim 81, wherein the aluminum-transition metal alloy is 
select* from Al-Cu-M, Al-Pd-M and combinations thereof, where M is a transition metal 
selected irom Fe, Ru, Ni, Mn, Cr, Co and combinations thereof. 
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83. (original) The composition of claim 76, further comprising: 

a metal seal layer deposited over the metal matrix. 

84. (original) The composition of claim 76, wherein the quasicrystal particles are tiled. 

85. (original) The composition of claim 76, wherein the metal matrix has a thickness less than 
40 um. 

86. (original) A composition, comprising: 

particles of at least one quasicrystalline metal alloy within a metal matrix including at 
least one elemental metal, wherein the composition is characterized by a hardness greater than 6 
GPa, a coefficient of friction less than 0.2, and a contact angle greater than 100 degrees. 

87. (original) The composition of claim 86. characterized in that the particles of quasicrystalline 
metal alloys are tiled. 

88. (original) The composition of claim 86, characterized in that the composition has a hardness 
between 6 and 10 GPa. 

89. (original) The composition of ctaims U . cbamcterized in that the composition produces an 
XRD spectra subsmmiaUy „, same as the XRD apectr. pmduced by the balk qaasicrysmuine 
material. 

90. (original) The composition of claim 86, wherein the coefficient of fiiction is less than 0.1. 

91. (original) The composition of claim 86, wherein the coefficient of friction is less than 0.05. 

92. (original) The composition of claim 86, wherein the at least one elemental metal is selected 
from mckel, copper, and combinations thereof. 
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93. (origina,) The composition of chta 86, cWteriaed by a contact angle greater than , ,0 
degrees. 



«. (new) ^^ofcl a ta 1 ,w n e re ku,ee 1 =c t n,p l anngb. fl , f ta herMnvrisBoftCTn ^ 
alloy particles. 

95. (new, The method of claim 94, wherein ma decroplanog bath ftrther comprises orher 
metal alloypanicles that are not qoasiciystalline metal alloys. 

* (new) The method of clabn 1, wherein the panicles „f „ IeMt one ^ 
aHoy are previded as a mixture of anaaicrysmntoe mcW aHoy parades with other metal Hoy 
particles having different compositions. 

97. (new) The method of claim 96, further comprising: 

depositing a composite coating comprising the mixture of alloy particles.suspended in the 
electroplating bath. 



comprising: 



98. (new) The coating composition of claim 76, further 

metal a^T ^ ^ ^ *° * ^ * ^ qUaai< ^ ta,1 * e 

99. (new) The composition of claim 86, further comprising: 

other metal alloy particles in the metal matrix. 
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